We aimed to evaluate the relationship between insulin pharmacodynamics and glycaemic outcomes during closed-loop insulin delivery and sensor-augmented pump therapy. We retrospectively analysed data from a multicentre randomized control trial involving 32 adults with type 1 diabetes receiving day-and-night closed-loop insulin delivery and sensor-augmented pump therapy over 12 weeks. We estimated time-to-peak insulin action (t max,IA ) and insulin sensitivity (S I ) during both interventions, and correlated these with demographic factors and glycaemic outcomes. During both interventions, t max,IA was positively correlated with pre-and postintervention HbA1c (r = 0.50-0.52, P < .01) and mean glucose (r = 0.45-0.62, P < .05), and inversely correlated with time sensor glucose, which was in target range 3.9 to 10 mmol/L (r = −0.64 to −0.47, P < .05). Increased body mass index was associated with higher t max,I and lower S I (both P < .05). During closed-loop insulin delivery, t max,IA was positively correlated with glucose variability (P < .05). Faster insulin action is associated with improved glycaemic control during closed-loop insulin delivery and sensor-augmented pump therapy.
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We retrospectively analysed data obtained from a multicentre (UK, Germany and Austria), randomized crossover study involving 32 participants with type 1 diabetes and conducted in free-living home settings. 2 Participants were randomly assigned to receive 12 weeks of automated closed-loop insulin delivery first and sensor-augmented
pump therapy (open-loop) second, or vice versa applying rapid-acting insulin analogue, aspart or lispro, to follow their pre-study insulin use.
Day-and-night closed-loop insulin delivery was applied using a hybrid approach, during which participants administered prandial insulin using standard pump bolus wizard. The participants underwent 4 to 6 weeks of run-in period using the study insulin pump and real-time continuous glucose monitoring device prior to randomization to fully optimize insulin delivery.
Using a validated modelling approach analysing continuous glucose monitoring, insulin delivery and meal content data (outlined in File S1), 3 we estimated time-to-peak insulin action (t max,IA ; repre- (Table S1 , File S1), supporting the validity of the estimates. Table 1 reports the Pearson correlation coefficients between time-to-peak insulin action and insulin sensitivity, and demographic factors and glycaemic outcomes. During both interventions, time-topeak insulin action was positively correlated with pre-and postintervention HbA1c (P < .01) and mean glucose levels (P < .05-.01), whilst being inversely correlated with time sensor glucose, which was in target range of 3.9 to 10 mmol/L (P < .05-.01). A higher BMI was associated with higher time-to-peak insulin action (P < .05-.01) and lower insulin sensitivity (P < .05). A positive correlation was observed between time-to-peak insulin action and glucose variability during aspart compared with insulin aspart after 26 weeks treatment. 8 The time-to-maximum plasma insulin concentration of faster-acting insulin aspart is 26 minutes left-shifted compared with that of insulin aspart during insulin pump therapy. 9 The highly significant correlation between time-to-peak insulin action and mean glucose levels accounts for about 40% of the between-subject variability in glucose levels.
| RESULTS
A positive correlation between time-to-peak insulin action and Faster insulin action was associated with a lower BMI. A similar trend was previously reported between subcutaneous absorption of insulin aspart and BMI. 10 Increasing subcutaneous adiposity is expected to result in reduction of subcutaneous blood flow and the rate of absorption of rapid-acting insulin and the peak time of insulin action.
In our previous study, we reported the variability of individual insulin requirements during closed-loop intervention. previously reported data in adults with type 1 diabetes. 13 The main novelty of the present study is the finding of the positive correlation between time-to-peak insulin action and HbA1c level, which highlights the need for new insulin formulations or other novel delivery methods that could result in faster insulin absorption and action. The development of faster-acting insulin aspart, 9 inhaled insulin 14 and infusion site warming devices 15 may contribute towards this goal. These new formulations and delivery methods may benefit both conventional insulin pump therapy and the closed-loop insulin delivery system.
In conclusion, faster insulin action was associated with better glycaemic control during closed-loop insulin delivery and sensoraugmented pump therapy, justifying further research to be directed towards accelerating insulin absorption and action. *P < .05; **P < .01.
